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@ Recuperation in master cylinder. 

@ A master cylinder, particularly of the type in 
which the piston (10) Is withdrawn from the bore 
(14), at least to the extent of providing a recuperation 
flowpath past a sealing ring (16) on the piston. The 
sealing ring "(16) is axially and also preferably radi- - 
ally, floating between a bearing ring (30) (for main- 
taining piston alignment) and a shoulder (22) on the 
piston, the sealing ring being biased to urge a back 
face (20) (with respect to the forward piston stroke) 



into contact with a sealing surface of the piston. In 
response to such bias and also preferably an initial 
surge of pressure communicated to the radial clear- 
ance between the sealing ring and the piston, as the 
piston enters the bore, the sealing ring may be 
radially expansible to assist initial interference of the 
sealing ring with the cylinder. 
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RECUPERATION IN MASTER CYUNDER 



This invention relates to a master cylinder for 
hydraulic systems for example, braking systems 
and, more particularly, to the provisions of recuper- 
ation in such systems. British Patent specification 
No. 1 ,333.050 relates to a hydraulic booster com- 5 
prising a pedal actuated master cylinder, a power 
valve and a boost cylinder and a later patent speci- 
fication No. 1.468,014 describes a version of the 
booster adapted to anti-lock operation by the addi- 
tion of solenoid valves and another boost cylinder. w 

In such systems, recuperation is required in 
the pedal released condition to allow the braking 
(or clutch) system to self-bleed i.e. any air bubbles 
that may be present in the fluid are allowed to 
travel upwards to the reservoir. Recuperation may 75 
also be necessary to prevent a vacuum being 
induced in the braking circuit by the master cyl- 
inder on its return stroke In the event of a slight 
fluid loss from the brake circuit or when bleeding 
the brake circuit. 20 

Recuperation may also be required In the 
event of expansion of the fluid in the system to 
ensure full release of pressure in the pedal re- 
leased condition. It has been found that anti-lock 
operation introduces new conditions of operation 25 
that can result in problems using conventional re- 
cuperation means, 

EP-A-0181761 discloses a master cylinder in 
which the piston is arranged such it can be with- 
drawn from the cylinder bore at least to the extent 30 
of providing a recuperation flowpath past a sealing 
means between the piston and the bore. The seal- 
ing means comprises a sealing ring which is car- 
ried on the piston and is radially and axially floating 
(i.e. has a controlled amount of radial and axial 35 
movement with respect to the piston). So that the 
piston can be withidrawn from the bore while retain- 
ing accurate alignment with it, alignment means are 
provided in the form of a bearing ring disposed 
between the seal and the leading end of the piston, 4o 
the sealing ring being confined with limited axial 
clearance between the bearing ring on the one 
hand and a shoulder on the piston on the other. 

- With the floating seal disposed between the 
piston shoulder and the bearing ring which main- 45 
tains the piston in alignment with the bore, the seal 
can align Itself with and seal on the cylinder bore 
and can seal also against the supporting shoulder 
of the piston to generate hydraulic pressure in the 
cylinder during the upstroke. 50 

During the piston return stroke, negative pres- 
sure may be generated and to aliow recuperation in 
this mode the "bearing ring has therethrough at 
least one flowpath in communication with the radial 
clearance between the piston and the floating seal. 



A recuperation flowpath is therefore available 
through the bearing ring, the annular gap between 
the piston and the seal and the axial gap between 
the shoulder of the piston and rear face of the 
piston seal produced as the piston reverses direc- 
tion, into a space communicating with the fluid 
reservoir. 

Normally the pressure in the cylinder is suffi- 
cient to hold the seal against the piston sealing 
shoulder, in addition to acting on the inside of the 
seal to push it out against the cylinder. The seal is 
thus prevented from leaking. However, in the event 
that the cylinder pressure is low, it is possible, on 
the return stroke, for the friction of the seal against 
the cylinder to overcome the force generated by 
the pressure over the annulus between the sealing 
diameter on the cylinder and that on the piston, so 
that the axially floating seal may be pulled away 
from the sealing shoulder on the piston, to the 
extent that if the piston direction is rapidly reversed 
fluid may escape between the seal and the piston. 
This may occur, for example during anti-lock brake 
operation. 

In accordance with the present invention we 
propose a master cylinder, comprising a cylinder 
housing defining a bore, a piston slldably received 
in the bore to perform forward and return strokes, 
and sealing means carried by the piston to provide 
a seal between the piston and the bore, the sealing 
means being axially movable (to admit recuperative 
flow from a reservoir into the cylinder bore) relative 
to the piston and biased, preferably spring loaded, 
to urge a back face (with respect to the forward 
stroke of the piston) of the sealing means into 
contact with a sealing surface of the piston. 

In a rnaster cylinder of the type to which our 
EP-A-0181761 relates having a chamber in the 
cylinder housing with an inlet for connection to a 
source of fluid, and wherein at the end 'of the return 
stroke the piston can be withdrawn from the cyl- 
inder bore into the chamber at least to the extent of 
providing past the seal a recuperation flow path 
between the cylinder bore and the source of hy- 
draulic fluid, the axially and also preferably radially 
floating sealing means typically a PTFE sealing 
ring with a reinforcing girdle, is disposed betv/een 
the said sealing surface on the piston and a bear- 
ing ring slidably mounted on the piston and running 
in the bore so as, at all times to maintain alignment 
of the piston with the bore. The spring loading or 
other bias may conveniently act upon the bearing 
ring which then transmits the force to the seal so 
urging it into contact with the piston sealing sur- 
face. 

The level of spring loading or other bias ap- 
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plied to the sealing ring Is predetermined; it is 
selected to ensure that the seal can leave the 
piston only when the cylinder pressure Is less than 
reservoir pressure, so that fluid cannot pass from 
the cylinder to the reservoir so long as the seal is 
engaged in the cylinder, but it can be arranged so 
that at a certain depression in the cylinder, the 
depression acts over the annulus between the seal- 
ing diameter on the cylinder and the sealing diam- 
eter on the piston, and in conjunction with the 
friction of the seal against the cylinder on the 
return stroke, the biassing spring load is overcome, 
so that fluid can pass into the cylinder from the 
reservoir. 

At normal temperatures the sealing means 
which is stated preferably comprises a sealing ring 
of PTFE or similar material is an interference fit 
within the cylinder bore and will seal without the 
need to expand the seal. However, at very low 
temperature there is a tendency for the seal to 
contract more than the cylinder., which may give 
rise to leakage. 

Particularly, though not exclusively, for this rea- 
son v/e also propose in accordance with this inven- 
tion, expanding the seal to assist initial interference 
of the seal with the cylinder. The force required to 
expand the seal may be derived from an initial 
surge of pressure upon entry of the seal into the 
bore or from means located within the seal to 
provide a radially directed biasing force or from 
spring loading of the seal as described above or 
from a combination of these variants. 

Embodiments of the present invention will now 
be described by way of example with reference to 
the accompanying drawings in which: 

Figure 1 is a part cross-sectional view of a 
typical master cylinder according to the present 
. invention; 

Rgure 2 shows schematically a detail of a mas- 
ter cylinder incorporating a colled spring loaded 

seal; and 

Figures 3 to 5 each show schematically a detail; 
of a master cylinder similar to that of Figure 1 . 
Figure 6 shows, to an enlarged scale, the seal- 
' ing of figure 5 having a barrel-shaped lip or rim; 
and 

Figure 7 shows schematically an arrangement 
similar to figure 5 but wherein the sealing ring is 
biased radially outwardly 
Figure 1 shows a typical master cylinder hav- 
ing a piston 10 working against a piston return 
spring 11 in a cylinder bore 14, a delivery port 8 
for connection to a braking system and an inlet 
port 6 in communication with a reservoir for hy- 
draulic fluid. 

When the brake pedal of a vehicle is de- 
pressed, the master cylinder piston 10 is moved by 
rod 12 or other mechanical input, into the master 
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cylinder bore 14 and the floating seal. 16 which has 
a free diameter slightly greater than the bore 14, 
after a predetermined free travel contacts the bore, 
being guided by a lead chamfer 18 on the bore. 
5 The seal 1 6 seals against the bore 1 4 and also by 
Its back face 20. against a shoulder 22 on the 
piston, the friction on the seal being sufficient to 
make the seal contact the shoulder. As the piston 
continues to enter the bore the pressure in the 
70 cylinder bore 14 begins to rise, at a rate depending 
on the compliance of the system to which it is 
attached and this pressure acts on the seal 16 
tending to push it through the axial gap which still 
exists between the start of the bore and the shoul- 

75 der 22 of the piston. 

To prevent the seal from being pushed through 
the gap, it is first of all made of a relatively stiff 
sealing material such as PTFE. and secondly is 
reinforced by a band or girdle 23 of rigid material 

20 such as steel or possibly of a fibre and/or plastics 
material, of high tensile strength and stiffness. The 
girdle 23 supports the seal 16 radially to prevent 
extrusion through the gap and also axially to pre- 
vent it being crushed against the piston shoulder 

25 22 at high pressures, but allowing it to seal against 
the shoulder. 

The piston is maintained in accurate alignment 
with the cylinder bore even when the seal is with- 
drawn from the bore, by a bearing ring 30 slidably 

30 mounted on the piston, the seal 16 being disposed 
between the bearing ring 30 and the shoijlder 22. 

A stack of low-rate disc springs 32 disposed 
around an end portion 34 of the piston 10 and 
retained by a circlip 36 and washer 38, acts on the 

35 end of the bearing ring 30 urging It axially Into 
contact with the sealing ring 16 so as to lead the 
sealing ring 16 against the shoulder 22 with a 
predetermined force. The sealing ring 16 thus 
maintains a seal with the shoulder 22 even during 

40 the return stroke when the pressure in the cylinder 
is low. It will, however, lift from the shoulder 22 
when a negative pressure sufficient in combination 
with the friction of the seal against the cylinder 
during the return" stroke, is generated to allow recu- 

45 peration via the axial clearance created between 
the back face of the sealing ring 16 and the shoul- 
der 22, the annular gap 24 between the piston 10 
• and the sealing ring 1 6 and axial slots 40 around 
the outer circumference of the bearing ring 30. 

50 Where length of the master cylinder is not a 

critical design consideration a coil spring 42 may 
be used for spring loading the sealing ring 16 as 
shown in Rgure 2. 

The sealing ring shown in Rgures '1, 2 and 4 

55 has an Internal' chamfer or counterbore 44 commu- 
nicating the radial gap between the ring and the . 
piston 10 with the axial slots around the circum- 
ference of the bearing ring 30. At entry of the seal 
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within ths bore therefore, the initial build-up of 
pressure acts within the seal tending to expand the 
seal and assist initial interference of the seal within 
the bore. This effect can be further enhanced by 
designing the seal so as more readily to expand in 5 
the radial direction when subject to internal pres- 
sure (see for example. Rgure 6). Providing the seal 
diameter is at least equal to the cylinder diameter, 
then sufficient pressure is generated on initial entry 
oif the seal to the bore, to expand the seal into io 
leaktight contact with the cylinder. 

Initial radial expansion of the seal to assist 
interference with the bore can also be achieved by 
means of the spring loading. Figures 3 and 4 show 
an arrangement wherein the abutting surfaces of 75 
the bearing ring 30 and sealing ring 16 are inclined 
and an angle a to a plane normal to the axis of the 
piston. Thus in addition to the axial force tending to 
urge the sealing ring 16 against the shoulder 22, 
there is a component of the spring loading tending 20 
to deflect or expand the sealing ring 16 radially. In 
the embodiment of Figure 5 and 6 the sealing ring 
16 has a barrel-shaped lip or rim 46 against which 
the (normal) force of the bearing ring abuts and 
which is designed to bow (radially) outwardly in 25 
response to purely axial loading. Also, the pressure 
of fluid generated within the barrel-shaped lip or 
rim 46 via the axial slots 40 in the bearing 30, on 
initial entry of the seal 16 in the bore, augments 
expansion of the seal 16 in response to the axial 30 
loading. 

In the embodiment of Rgure 7 the sealing ring 
is biased outwardly in the radial direction by an O- 
ring 48 disposed within the barrel-shaped lip 46. 
The O-ring is a conventional means of providing a 35 
radial expanding force, except that in this arrange- 
, ment the O-ring 48 does not seal against the piston 
10, neither does it locate on the piston 10, but is 
constrained on its inside diameter to sit on a float- 
ing annular (metal) ring 50, thus allowing the seal- 4o 
ing ring 16 to float radially and to move axially as 
required for "down the bore" recuperation as pre- 
viously described. 

45 

Claims 

1 . A master cylinder comprising a cylinder housing 
defining a bore, a piston slidably received in the 
bore to perform forward and return strokes, and 50 
sealing means carried by the piston to provide a 

seal between the piston and the bore, the sealing 
means being axially movable relative to the piston 
and biased to urge a back face (with respect to the 
forv/ard stroke of the piston) of the sealing means 55 
into contact with a sealing surface of the piston. 

2. A master cylinder according to claim 1 wherein 
the sealing means floats radially with respect to the 



piston to define a radial gap between the piston 
and the seal. 

3. A master cylinder according to claim 1 or claim 
2 and arranged such that at the end of the return 
stroke the piston is withdrav/n from the cylinder 
bore at least to the extent of providing past the seal 
a recuperation flow path between the cylinder bore 
and a source of hydraulic fluid, the axially floating 
sealing means being disposed between the said 
sealing surface on the piston and a bearing ring 
slidably mounted on the piston and running in the 
bore so as to maintain alignment of the piston with 
bore. 

4. The master cylinder according to claim 3 
wherein the sealing means is biased by means 
acting on the bearing ring. 

5. A master cylinder according to claim 3 or claim 
4 wherein the sealing means is radially expansible 
in response to said bias acting to urge the back- 
face of the sealing means into contact with the 
sealing surface on the piston. 

6. A master cylinder according to claim 5 wherein 
the sealing means comprises a barrel shaped an- 
nular portion or lip adapted to deflect radially out- 
wardly in response to said bias. 

7. A master cylinder according to claim 5 wherein 
abutting surfaces of the bearing ring and sealing 
ring are inclined to a plane normal to the axial of 
the piston. 

8. A master cylinder according to any one of 
claims 3 to 7 wherein the bearing ring comprises at 
least one flowpath between the cylinder bore and a 
space radially within the seal, the seal being radi- 
ally expansible in response to fluid pressure acting 
within the space. 

9. A master cylinder according to any preceding 
claim wherein the sealing ring is biased radially 
outwardly by an O-ring located radially within the 
sealing ring and seated on a floating annular ring. 
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